To evaluate whether the Amblyopia and Strabismus Questionnaire (A&SQ) is a suitable instrument for the assessment of vision-related quality-of life (VR-QoL) in individuals with strabismus and/or amblyopia. METHODS. The A&SQ was completed by 102 individuals, all of whom had amblyopia, strabismus, or both. Rasch analysis was used to evaluate the usefulness of individual questionnaire items (i.e., questions); the response-scale performance; how well the items targeted VR-QoL; whether individual items showed response bias, depending on factors such as whether strabismus was present; and dimensionality. RESULTS. Items relating to concerns about the appearance of the eyes were applicable only to those with strabismus, and many items showed large ceiling effects. The response scale showed disordered responses and underused response options, which improved after the number of response options was reduced from five to three. This change improved the discriminative ability of the questionnaire (person separation index increased from 1.98 to 2.11). Significant bias was found between strabismic and nonstrabismic respondents. Separate Rasch analyses conducted for subjects with and without strabismus indicated that all A&SQ items seemed appropriate for individuals with strabismus (Rasch infit values between 0.60 and 1.40), but several items fitted the model poorly in amblyopes without strabismus. The AS&Q was not found to be unidimensional. CONCLUSIONS. The findings highlight the limitations of the A&SQ instrument in the assessment of VR-QoL in subjects with strabismus and especially in those with amblyopia alone. The results suggest that separate instruments are needed to quantify VR-QoL in amblyopes with and without strabismus. (Invest Ophthalmol Vis Sci. 2010;51:2496 -2503) DOI:10.1167/iovs.09-4381 T hree broad approaches have been used to understand the impact of amblyopia and strabismus on the individuals who live with these conditions. The ability of individuals with amblyopia/strabismus to perform everyday tasks such as reading, 1 reaching and grasping, 2,3 hand-eye co-ordination, 4 gait, 5 and driving 6,7 have been examined and compared with that of persons with normal vision. Another approach involves population-based studies 8,9 aimed at understanding the impact of the conditions on, for example, education and employment.
T hree broad approaches have been used to understand the impact of amblyopia and strabismus on the individuals who live with these conditions. The ability of individuals with amblyopia/strabismus to perform everyday tasks such as reading, 1 reaching and grasping, 2, 3 hand-eye co-ordination, 4 gait, 5 and driving 6, 7 have been examined and compared with that of persons with normal vision. Another approach involves population-based studies 8, 9 aimed at understanding the impact of the conditions on, for example, education and employment. 10 -14 A third approach is to use questionnaires [15] [16] [17] [18] or interviews, 19 thus allowing an assessment of any psychosocial impact that the conditions may exert. 19 -30 To date, there is very little evidence concerning the impact that amblyopia alone may exert on vision-related quality of life (VR-QoL). 31, 32 On the other hand, there have been several previous investigations of the self-reported psychosocial impact of strabismus or strabismus surgery 18,20 -24,26 -30 and the views and judgments of employers 10, 12, 13 or dating agency 14 personnel about the employment and dating prospects of those with strabismus. Some studies have also claimed a psychosocial effect of amblyopia, 28, 30, 31 although these have typically included a large majority of subjects who also had strabismus.
The purpose of this study was to examine whether the first VR-QoL questionnaire to be developed for amblyopia and strabismus, the Amblyopia and Strabismus Questionnaire (A&SQ), 33 is a suitable instrument for the assessment of VRQoL in individuals with amblyopia and/or strabismus. The A&SQ has been tested and validated by its developers, 16, [33] [34] [35] but it is not clear to what extent it can identify the effects on VR-QoL of amblyopia separately from those associated with strabismus. Although approximately two thirds of amblyopes have strabismus, 36, 37 amblyopia is commonly present without strabismus, and strabismus can be present without amblyopia. 38 Although the functional consequences of amblyopia and strabismus may be similar-for example, in relation to the consequences of having reduced or absent stereopsis 38 -the psychosocial aspects relating to the two conditions could differ markedly; in strabismus, the eyes have an abnormal appearance, whereas the same does not apply to eyes with amblyopia alone. In this study, A&SQ data were gathered in individuals with strabismus only, in individuals with amblyopia only, and in those with both strabismus and amblyopia.
METHODS

Basic Approach
The A&SQ was evaluated by using traditional psychometric approaches combined with Rasch analysis, an item-response theorybased model. 39 This methodology is similar to that used to assess VR-QoL questionnaires in patients with cataract 40, 41 and in individuals with different forms of refractive correction. [42] [43] [44] Rasch analysis [45] [46] [47] uses the responses to all questions (often called items) from a group of subjects and models the data to provide an item-person map, on which respondents are placed on a logit scale of low to high VR-QoL (in this case), and items are placed on the same scale as determined by their degree of difficulty (see Fig. 2 for examples). A logit (derived from log-odds unit) is the log of the odds ratio and is calculated as log (P/1 Ϫ P), where P is the probability that a subject will choose a particular response category for an item. Rasch analysis can provide an indication of the appropriateness of the response categories. The A&SQ has a five-point response scale for each item, and Rasch analysis can determine whether subjects respond as though categories 0, 1, 2, 3, and 4 are in ascending order or whether some are disordered and whether some categories could be usefully merged if responses suggest that neighboring categories appear indistinguishable to respondents. The person-item map can indicate whether the items are at an appropriate level of difficulty for the subjects: Is there a close match between items and subjects, or does the map suggest that items are typically too difficult or too easy? The difficulty can be quantified using the difference between the mean logit score for the items and subjects. Rasch analysis can also indicate how well each individual item fits the model. A poorly fitting item may not be measuring the same thing as other items used, or it may be poorly worded and therefore poorly understood by respondents. Some items may provide redundant information, perhaps because other items in the questionnaire provide very similar information. Rasch analysis can indicate whether the questionnaire can discriminate well between respondents and thus allows the precision of the instrument to be assessed as changes to the questionnaire, such as removing items or changing the response categories, are made. Finally, Rasch analysis can also indicate whether the data are providing information that is unidimensional or whether the responses suggest that more than one dimension is being assessed. For example, the data may suggest that all items of a questionnaire measure VR-QoL, or they may indicate that some items measure functional vision and others assess psychosocial difficulties and that the two groups of items are entirely separate and should not be combined into one score.
Participants
One-hundred eighty individuals from the University of Bradford Eye Clinic, from the orthoptic clinics at Leeds Teaching Hospitals NHS (National Health Service) Trust, and from general optometric practice were invited to complete the A&SQ questionnaire. They received copies of the A&SQ questionnaire, either by mail or handed to them by their clinicians. They were also asked to provide demographic details about themselves relating to their age, sex, and ethnicity. The inclusion criteria for the study were 16 years of age or older and the presence of amblyopia, strabismus, or both. Amblyopia was defined as a difference in best corrected visual acuity of at least one line between the right and left eyes, the presence of amblyogenic factors, and/or a history of treatment for amblyopia. Exclusion criteria included any current or past ocular disease or abnormality, apart from strabismus and amblyopia, that could alter visual function. In cases in which the clinician issued the questionnaire, he or she provided a report including a note of the clinical details (presence/absence of amblyopia) and of the best corrected visual acuity of the right and left eyes. In cases in which the questionnaire was distributed by mail, clinical data were obtained from the clinical notes once a written informed consent form for participation in the study had been completed. The study adhered to the tenets of the Declaration of Helsinki and had the approval of the Leeds Teaching Hospitals and the University of Bradford's research ethics committees.
Amblyopia and Strabismus Questionnaire
The A&SQ 33 was downloaded from http://www.retinafoundation.org/ questionniare.html/.
The individual items of the self-administered A&SQ are shown in abbreviated form in Table 2 . The A&SQ has three items (1, 17, and 24) that act as filters only and thus were not included in any analyses. All but three items (4, 5, and 26) had the following five-category Likert response scale: none of the time (score 4), a little of the time (score 3), some of the time (score 2), most of the time (score 1), and all of the time (score 0). The responses for item 26 were: definitely false (score 4), mostly false (score 3), not sure (score 2), mostly true (score 1), and definitely true (score 0). Items 4 and 5 had three response options: yes (score 4), moderate (score 2) and no (score 0). The suggested scoring rule of the A&SQ is to score all missing data and not-relevant responses with the highest possible score of 4. 33 However, the validity of this approach has been called into question, [17] [18] [19] and it is not used in most quality-of-life questionnaire scoring systems. 39 Rasch analysis can overcome the problem of missing data, as it can accurately predict responses for individual items from individual patients, based on their responses to all other items, because it is based on a modeling system. 45, 46 For this reason, in the present study, missing data and not-relevant responses were not assigned any score and were thus left blank for all analyses.
Statistical Analysis
The A&SQ questionnaire data were analyzed by using descriptive statistics, including the percentage of missing responses, skew and kurtosis, and ceiling and floor effects (SPSS for Windows, ver. 15.0; SPSS, Chicago, IL).
Rasch Analysis
All Rasch analyses were performed with a computer program (Winsteps, ver. 3.66) and by applying the Andrich rating scale model with an item-grouping level in which all items that share the same response scale (all except 4, 5, and 26) were analyzed together as a single group. 47 First, Rasch analysis was used to investigate how the response categories were used and whether any were disordered or whether neighboring categories were indistinguishable to respondents and could be merged. Second, we established whether the A&SQ behaves consistently among predefined subgroups within the sample. We were particularly interested in whether individuals with and without strabismus would respond differently to any item within the A&SQ. These differences were tested by using differential item functioning (DIF) and establishing whether item response bias was found within different subgroups, despite having equal levels of the underlying trait (i.e., VR-QoL). 45, 47 The following predefined subgroups were evaluated: strabismus (presence or absence), sex (male or female), age (presbyopic, Ͼ45 years; prepresbyopic, 45 years or younger), and the presence or absence of spectacles for distance viewing. The 2 test comparing the mean level of item difficulty between each of these subgroups was used to identify significant levels of DIF. 47 Third, the usefulness of each item from the questionnaire (i.e., how well it fit the model) was determined; we examined how well each item matched the VR-QoL of the participants and whether removal of some items and/or merging of some response scales could lead to an improved instrument. Finally, Rasch analysis was used to determine whether the data were unidimensional. 39, 45, 46, [41] [42] [43] Principal components analysis (PCA) of the residuals (i.e., observed responses minus their expected responses, as indicated by the Rasch model) was used to assess the dimensionality of the A&SQ. 48 PCA decomposes the item correlation matrix to first indicate what proportion of variance of the residuals is explained by the principal component. If it explains a large amount of the variance of the data, say Ͼ60%, then it is likely that the dataset is unidimensional. Patterns within the variance that are unexplained by the principal component suggest that a second construct is being measured. An eigen-value greater than 2.0 suggests a second dimension, as this is greater than the magnitude seen with random data. We finally examined any items that could form a second dimension and determined whether their number and inherent qualities suggest that an important second dimension is being measured (Linacre JM, personal communication, October 2008).
RESULTS
Participant's Characteristics
One hundred two participants completed the questionnaire, for a response rate of 57% (Table 1) . Clinical characteristics of the sample including proportions of participants with amblyopia only, strabismus only, and both amblyopia and strabismus, as well as median visual acuities for the better and worse eyes are presented in Table 1 . We did not collect demographic data from the nonrespondents.
Descriptive Statistics
As expected, none of the 33 nonstrabismic amblyopes reported problems related to misalignment of their eyes (items 25 and 26); they gave no score for these items. Descriptive data are therefore presented separately in Table 2 for participants with strabismus (with or without amblyopia, n ϭ 69) compared with those with amblyopia only (n ϭ 33). Many of the strabismic subgroup items were not normally distributed, with statistically significant skewness and kurtosis (items 6, 7, 9, 10, 11, 14, 15, and 16) principally due to very high ceiling effects; these ranged from 72.5% to 91.3% with most subjects having The infit values were determined after response-scale reduction but prior to item reduction. no problem with these task-based items. Significant skewness and kurtosis were present in the amblyopia-only subgroup dataset for items 6, 7, 9, 10, 11, 12, 15, 19, 20, 22, and 23 and due to large ceiling effects that ranged from 72.7% to 90.9%. Of the 69 individuals with strabismus, only 4 (5.8%) reported double vision all the time in response to item 17. Seven (10.1%) and 13 (18.8%) individuals reported diplopia some of the time and a little of the time, respectively. Forty-five (65.2%) individuals with strabismus had never experienced diplopia. In contrast, only 2 (6.1%) of the 33 amblyopes without strabismus reported having diplopia some of the time. Eleven (33.3%) of the 33 experienced double vision a little of the time, and the remainder (60.6%) had diplopia none of the time.
Rasch Analysis: Response Scale Assessment
Examination of the 20 items with a five-response option for all 102 participants showed that category 0 (typically relating to difficulties with various tasks all the time) was chosen by Ͻ10% of the participants for 83% of the items (Table 2 ). This finding indicates that very few participants had substantial difficulty with a large majority of A&SQ items. In addition, several items showed disordered responses for categories 0, 1, and 2, indicating that participants had difficulty discriminating among these three options, which have similar labeling (all the time, most of the time, and some of the time). Thus, according to suggested guidelines for response scale reduction, 39 we combined the two least-able response-scale categories (scores 0 and 1). This reduction of scoring categories improved the discriminatory ability of the A&SQ, as indicated by an increase in the person separation index (Table 3) , which is used to indicate the reliability of the scale to discriminate between people of different abilities; the minimum recommended value is 2.00. 41 A further reduction of the rating scale category (Table  3) reduced the mismatch between person and item scores (see the next section) with a further improvement of the person separation index. Therefore, the five-response option was reduced to a three-response option representing some of the time (or more), a little of the time, and none of the time for all items except item 26 where it represents definitely true, not sure, and definitely false. Finally, examination of the two items that already had a three-point scale (items 4 and 5) showed that the response options were used appropriately. Thus, no further scale-reductions were made in the case of these items.
Differential Item Functioning
DIF analysis (i.e., item response bias) was performed on the whole dataset (i.e., from all 102 participants). There was no significant DIF between items for sex or the wearing of spectacles. However, three items exhibited DIF for age (Fig. 1) . Items 2 (worry about losing good eye) and 12 (difficulties walking down stairs) were more difficult in those aged 45 years and older ( 2 with P ϭ 0.009 and 0.001, respectively). Item 22 (difficulties making eye contact in a one-to-one conversation) was more difficult in the younger participants ( 2 , P ϭ 0.005).
In relation to the presence or absence of strabismus, items 25 and 26 (I feel insecure because of the eye misalignment and decreased self-confidence because of the eye misalignment) could not be analyzed with DIF, because all nonstrabismic individuals reported that these were not applicable. However, DIF analysis revealed that participants with strabismus found item 23 (difficulties making eye contact in a group conversation) significantly more difficult than was the case for nonstrabismic amblyopes ( 2 , P ϭ 0.029). 
Fit of the A&SQ Items to the Rasch Model
Because of the significant differences between the strabismic and nonstrabismic amblyope subgroups shown by the descriptive statistics and DIF analysis, we examined the usefulness of each item (i.e., how well it fit the Rasch model) for each of the subgroups. Figure 2 shows the person-item map (after response-scale reduction) where item difficulty and person ability are plotted along the same linear scale in logit units. Participants are shown as X's on the left of the vertical line, and items appear on the right. More difficult items and participants with better VR-QoL appear in descending order from the top of the map.
Item Reduction
Rasch fit statistics (outfit and infit) were used to identify how well each item contributes to VR-QoL and whether the removal of items that contribute little to the A&SQ would lead to better performance. We focused on the evaluation of infit values, since they are weighted to take less notice of extreme responses. The infit mean square values for each item after response-scale reduction are reported in Table 2 . During item elimination, items were removed one at a time, and the effect of their removal was assessed in terms of any change in the person-separation index and in relation to the difference between the person-and item-means. Items were removed if they improved the person-separation index and/or decreased the difference between the person-and item-means. The process is iterative, and the analysis was rerun to identify the next candidate item for removal until all remaining items appeared useful or the removal of an item resulted in a person-separation index below 2.00. 39, 45 We used a lenient definition of good fit of infit between 0.60 and 1.40, 49 rather than the stricter but more commonly used 0.70 to 1.30, 39 due to the relatively small number of subjects in the amblyopia-only subgroup (n ϭ 33), a factor that limits the reliability of the Rasch analysis results in this subgroup. Infit values Ͻ0.60 indicate that the responses are too predictable, and values greater than 1.40 indicate too much variation in the responses. 39, 41 Hence, items with infit mean squares outside the range of 0.60 to 1.40 were considered for removal by applying the following additional criteria 39 : item mean farthest from the subject mean, missing data for greater than 50% of cases, a ceiling effect greater than 80%, and both skewness and kurtosis greater than 2.0.
All items in the strabismic group had infit mean square values in the range of 0.60 to 1.40 (Table 2) , and thus no items were removed from the A&SQ. Items 25 and 26 were not available for inclusion in the analysis of the nonstrabismic group, as no participant provided a scoring response. In addition, several items in the amblyopia-only subgroup showed infit values outside the 0.60 and 1.40 range, and items 13, 7, and 4 were removed (in that order), after which all the remaining items fitted the model. After removal of these three items, the difference between person and item means was 0.33 and the person separation was 2.20. psychosocial measure. Scores from the items that make up these two measures should not be added together to provide a single summary score of VR-QoL, as they are measuring two very different things. Thus, we suggest that it would be more appropriate to use the A&SQ to provide two scores.
The A&SQ is also limited in its assessment of VR-QoL in nonstrabismic amblyopes. The finding that none of the nonstrabismic amblyopes reported problems relating to ocular misalignment (items 25 and 26) was not unexpected, since the cosmetic appearance of an eye with amblyopia alone does not differ from that of a normal, healthy eye. The inclusion of items within the A&SQ that are not relevant to those with amblyopia alone limits the clinical usefulness of this questionnaire in such individuals. 42 The developer's strategy to overcome this problem was to assign the highest score to items with missing or not-relevant responses. 33 This approach has been criticized because the Likert scoring method involves adding up scores from individual items to obtain an overall score and because higher overall scores suggest a better VR-QoL. [17] [18] [19] We support others' concerns about this issue. The A&SQ developers suggest that individuals who, for example, do not drive or play ball games be given the highest score of 4 for items 8 difficulty parking the car and 13 difficulty playing ball games, regardless of their level of VR-QoL, because these subjects would give a not-applicable response to these questions.
The significant DIF in the comparison of strabismic and nonstrabismic participants further highlights the inability of the A&SQ to be used as a tool appropriate for the assessment of VR-QoL in individuals with strabismus and/or amblyopia. As a result, we conducted separate analyses for participants with strabismus (n ϭ 69) and for those with amblyopia only (n ϭ 33). Rasch fit statistics indicated that all A&SQ items fit the Rasch model in subjects with strabismus, but several items misfitted the Rasch model in the amblyopia-only group, and three items (4, 7, and 13), plus the two items (25 and 26) that did not apply to the amblyopia-only participants, could be removed with minimal effect. Similarly, the difference in locations between the mean-person and -item logit values (represented as M on the maps) was larger in nonstrabismic amblyopes than in the strabismic population, indicating that the A&SQ was less able to capture the VRQoL of respondents with amblyopia only. It is interesting to note that a recently developed VR-QoL instrument was designed for adults with strabismus only. 17 Our results suggest that a specific instrument is necessary to evaluate VR-QoL in nonstrabismic amblyopia.
A limitation of our study is the relatively small sample size for Rasch analysis of the amblyopia-only subgroup (n ϭ 33). For this reason, we did not draw any specific conclusions (such as which items could usefully be removed from the questionnaire) based solely on the Rasch analysis of these data. The relatively strong sex bias in our sample combined with the 60% response rate may also mean that the VR-QoL of our sample differs from the VR-QoL of the amblyopia/strabismus population at large. However, DIF analysis showed no effect of the participants' sex in our results.
Future instruments to assess VR-QoL in strabismus and/or amblyopia would ideally include items that better target the visual impact and concerns of individuals with these conditions. The Rasch person-item maps (Fig. 2) show an uneven spread of items across the full range of participant's scores, suggesting poor targeting of the A&SQ items for both the strabismic and amblyopia-only populations. A ceiling effect can be seen in Figure 2 , which indicates that many subjects had an excellent VR-QoL (showed by the many X's at the top of the person-item maps), but that few items assessed VR-QoL at this level (shown by the lack of items at the top of the maps). This result indicates that many participants did not have problems, even with the most difficult questionnaire items (i.e., those highest on the person-item maps in Fig. 2) . This large ceiling effect cannot be overcome by an alteration to the instrument and requires the addition of items that better target the impact of amblyopia and/or strabismus on those who live with the conditions. Hatt et al. 19 have recently conducted in-depth interviews to identify specific problems affecting VR-QoL in adults with strabismus. A wide range of quality-of-life concerns were found, including adjustments made to cope with strabismus (e.g., saying people's names so they know I'm talking to them) and efforts to reduce symptoms (e.g., trying to straighten eye), which are not included in the A&SQ. Similarly, a patient-centered approach using interviews or focus groups in adults with amblyopia alone may help establish difficulties that are not addressed by the A&SQ and that could lead to the development of an instrument in the same way that Hatt et al. developed their questionnaire for evaluating VR-QoL in adults with strabismus. [17] [18] [19] In contrast, the A&SQ appears to have been developed with limited patient input, and the fact that the pilot questionnaire and final A&SQ contained the same number of items suggests that item reduction was not part of the development of the questionnaire. 33 In summary, our findings highlight the limitations of the A&SQ instrument in the assessment of VR-QoL in subjects with strabismus and especially in those with amblyopia alone. Many of the tasks asked about in the A&SQ are not perceived as being in any way difficult for most of the subjects. We suggest that separate instruments are needed to quantify VR-QoL in individuals with strabismus and nonstrabismic amblyopia. A newly designed questionnaire for adults with strabismus appears to have addressed many of the problems of that group, [17] [18] [19] but there remains a need to identify the concerns and perceptions of those with amblyopia alone, to enable the impact of amblyopia and strabismus to be separated. The development of appropriate condition-specific instruments will allow a comprehensive understanding of the functional and psychosocial consequences of living with these common conditions.
